Abstract The neutron flux monitor (NFM), as a significant diagnostic system in the International Thermonuclear Experimental Reactor (ITER), will play an important role in the readings of a series of key parameters in the fusion reaction process. As the core of the main electronic system of the NFM, the neutron-gamma pulse shape discrimination (n-γ PSD) can distinguish the neutron pulse from the gamma pulse and other disturbing pulses according to the thresholds of the rising time and the amplitude pre-installed on the board, the double timing point CFD method is used to get the rising time of the pulse. The n-γ PSD can provide an accurate neutron count.
Introduction
The ITER is a key step for human controlled thermonuclear fusion [1] . The NFM will, as an important research task in the ITER project, offer a series of key parameters in the thermonuclear fusion reaction process, such as the yield of neutrons, the fusion energy and its density [2] . The most difficult part of the NFM is how to avoid mass α and γ rays and other environment disturbing rays coming together with the neutron rays in the thermonuclear fusion reaction.
The ITER is divided into two phases, D-D and D-T nuclear fusions, both of which have Gaussian distributed neutron energy spectra [3] . The special fission ionization chambers used for the NFM are designed according to specific situations [4] . Besides the neutron signal, the fission ionization chambers also produce γ rays, α rays and other noises which need to be eliminated [5] . The neutron signal can have different pulse amplitudes and rising times from the noise, thus we can distinguish the neutron signal from the noise based on these differences [6] . Two routine methods using analogue electronics are the charge-comparison and the zero-crossing techniques [7] . The disadvantage of the charge-comparison technique is its poor neutrongamma discrimination for low-energy neutrons due to the distortion of pulse shapes [8] . The constant fraction discriminator (CFD) used in the zero-crossing technique is limited to one timing point in most cases [9] . The neutron hit produces fission fragments, the amplitude of the signals generated by the fragments is much higher than that generated by the γ and α rays [4] . The experimental rise time of the signals generated by the fragments is shorter than 150 ns, but that by the γ and α rays are significantly longer than 200 ns. The digital n-γ pulse shape-discriminator combines the methods of amplitude discrimination, double timing point CFD and noise threshold discrimination. The double timing point CFD method is used to cover the time interval between the two points, at which the pulse reaches respectively 25% and 75% of its amplitude, by using two channels of the CFD. The time interval between these two points optimally characterizes the rising time of the pulse, and can avoid the influence from the pulse amplitude. The n-γ PSD judges whether the pulse is from a neutron according to the obtained rise time and amplitude, and the given noise threshold. The experimental results show that the n-γ PSD can effectively identify the neutron and eliminate the effects of the disturbing noises, such as γ and α rays, etc.
The n-γ PSD principle design
In order to accurately get the rise time of the neutron pulse, two channels of the CFD are designed to obtain the 25% and 75% of the rise time, as shown respectively in Fig. 1 by point A and B. The two points are used as the start and stop signals in the time measurement for comparing with the pre-established threshold.
As shown in Fig. 2 , the n-γ PSD consists of the rise time discriminator, amplitude discriminator and noise threshold discriminator. An amplifier is used for the input signal, and the amplifier output is connected to the two channels of the CFD with different signal attenuations to get the start and stop time signals, 25% for the start and 75% for the stop. Both the start and stop time signals are sent to the complex programmable logic device (CPLD) for processing. Fig.1 The schematic view of the timing points selection of the n−γ PSD Fig.2 The frame diagram of n-γ PSD The start time signal is sent to two external analog delay chips, which are set to two patterns, the DELAY pattern and the DELAY plus GATE pattern. The outputs of the analog delay chips in the DELAY pattern and DELAY plus GATE pattern are used as the low and high time thresholds, respectively. The two time thresholds can be changed by adjusting the configurations of the two external analog delay chips, and in this way we can control the delay time length and gate time length for the rise time discrimination. If the stop time signal locates in between the two time thresholds, the rise time is considered to meet the qualification. At the same time, the input pulse must pass the noise threshold discrimination and the amplitude threshold discrimination, i.e. the input signal voltage must be greater than the noise threshold, and has to fall between the high and low amplitude thresholds. If the input signal meets the three requirements, the corresponding particle is counted as a neutron and the n-γ PSD will give an output.
As shown in Fig. 3 , the input signal between Time 1 and Time 4 meets the requirement of the noise threshold discrimination. The output voltages at Time 2 and Time 3 which are 25% and 75% of the signal attenuation CFD are equal to the output voltages of the delayed signal, respectively. Time 2 and Time 3 are sent to the CPLD as the start and stop times for processing. The CPLD sends the start time signal (A) to two external analog delay chips, which get two delayed time signals (B and C), which are sent back to the CPLD. So the CPLD gets the time door (D). We can control the position and the length of the door (D) by adjusting the configurations of the two external analog delay chips. If the stop time (E) falls in the door (D), the CPLD will give an output (F), and the input signal is considered as a neutron signal, otherwise, the input signal is ruled out. Fig.3 The frame diagram of rise time discrimination
The principle for the amplitude discrimination is a typical differential discriminator as shown in Fig. 4 . If the peak of the input signal falls in the range of the pre-set high and low thresholds, the input signal will pass the amplitude discrimination. Two or more signals will come at the same time when the neutron flux is high enough. There are four cases shown in Fig. 5 to process. The front two cases meet the amplitude discrimination but the last two cases do not. 
, and the signal frequency f = 1 MHz. The y-axis, named as T sub , denotes the time interval between the times when the signal reaches 25% to 75% of its peak value which are from the two channels of the CFDs mentioned above. The abscissa, named as T r , denotes the rising time of the input signal. The result is shown in Fig. 6 . The correlation coefficient of the linear fitting R is 0.998 and the slope is 0.31. Fig.6 The diagram of the relationship between the input signal rise time (tr) and the time gap between the outputs of the two channels of CFD (t sub )
The discrimination accuracy of the n-γ PSD
An analog signal generator is used to generate a signal with the signal frequency f = 500 kHz, and the rising time and amplitude can be manually controlled. The output of the n-γ PSD is recorded and normalized. The result is shown in Fig. 7 . If the amplitude and rising time of the input signal fall in the flattened area of the figure, it means that all of the input signal can be recorded. If they fall in the transitional zone, part of them can be recorded according to the count rate. The width of the transitional zone tells us the accuracy of the n-γ PSD. The transitional zone widths of the amplitude discrimination and rising time discrimination are 5 mV and 5 ns respectively. The large dynamic range of the amplitude and rising time of the neutron signal increases the final width of the transitional zone. The flattened area can be controlled by changing the high and low thresholds of the amplitude discrimination. The experimental results of the high and low thresholds of the amplitude and rising time are 50∼320 mV and 50∼150 ns, respectively.
Conclusions
In order to meet the need of the measurement of the neutron flux for the ITER, we succeeded in designing Fig.7 The composite result of the rise time discrimination and amplitude discrimination an n-γ PSD. The n-γ PSD, high-speed baseline restorer, automatical gain adjustment campbell integrator and the time-division data collection system compose the main electronic system of the NFM for the ITER, and the system has successfully achieved the expected target by using the simulated neutron signal in laboratory. The main electronic system is assembled with the PC and the pre-amplifier, and is tested in the steady neutron radiation field. The experimental result has achieved the anticipated goal.
